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OBSERVATIONS ON KERATIN DIGESTION 
BY MICROSPORUM GYPSEUM ' 


Ropert M. Pact 
(witH 2 FIGURES) 


Since the dermatophytes occur in superficial tissues (hair, skin, 


i 
nails) of mammals, and since the chief proteinaceous constituent of 
these tissues is keratin, it has often been assumed that the derma 


tophytes are capable of digesting keratin. This presumed ability 


is of interest, because under normal conditions, keratins are resist 


ant to hydrolysis by such proteolytic enzymes as pepsin or trypsin 


The reason for the indigestibility of keratins must lie in their prop 


erties. These scleroproteins, as is well known, are insoluble in 
water, dilute acids and bases, ethanol, or salt solutions. They are 
highly polymerized compounds made up of polypeptide chains 


bound laterally by disulfide linkages which maintain the three 


dimensional shape of the molecule 
Dermatophytes have been grown in culture with various types 
of keratin as substrata, but in no case have the cultures been 


observed in sufficient detail to establish that keratin is actually 
digested For ¢ xample, wool (Bonar and Drever, 1932: Rogers, 
Portion of a thesis submitted to the faculty of Harvard University i 
partial fulfillment of the requirements for the degree of Doctor of Philosophy 
Phe author wis 


his encouragement and guidance during 


hes to express his gratitude to Prof. Wm. H. Weston for 
the course of this study and prep 


manuscript rhis investigation was carried out during the 


nior Research Fellowship, National Institute o Health 
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ther cleaned by extraction with ether and acetone. The powder 


was added to 2.0°% agar and sterilized by autoclaving. The wool, 
l 


which was unscoured and solvent-extracted, was combed to re 
move debris, washed with soap and water, extracted repeatedly with 
ether, and dried. Following sterilization with 70° ethanol, it 
was placed in a sterile Petri dish and warm agar was added. The 
pigment in human hair obscured details of the fungus attack ; 
therefore, grey hairs which were devoid of pigment were selected 
for study. The hair was prepared by washing it with 0.1% sodium 
taurocholate and rinsing with water and acetone. It was then 
extracted repeatedly with small portions of ether to remove any 
fats remaining and sterilized by immersing it in 70% ethanol for 
one hour \fter sterilization a few strands were placed in a sterile 
Petri dish and warm agar was added 

The media were inoculated, and the cultures were incubated at 
30° ¢ The cultures were observed frequently through the bot 
tom of the inverted Petri dish with the 16 mm. objective of the 
mMuCcrOscope Typical areas of the medium were selected, and 
photomicrographs of these areas were taken at suitable intervals 
by means of a Leitz ‘I bso attachment 

In addition to the observations on human hair embedded in agar, 
details of the attack on human hair were studied by placing hairs 
in Petri dishes with sterile tap water and inoculating with Micro 
sporum gypseum. Hairs were removed from the cultures at vari 
ous intervals after inoculation, mounted in lactophenol with acid 


fuchsin, and observed with the microscope 


OBSERVATIONS 


Horn In preliminary experiments several dermatophytes were 
grown on the horn medium. Plates of autoclaved horn medium 
were inoculated with three isolates each of Microsporum qgypseum, 
VW. canis, M. Audouini, Trichophyton mentagrophytes, T. rubrum 
I’. tonsurans, and Epidermophyton floccosum All of the fungi 


grew on the horn medium, but growth was diffuse and prostrate 


the author ts indebted to Miss Margarita Silva of the 
School of ( Medicine, San Juan, Puerto Rico and to Dr. C. W 


kmmons o ational Institute of Health, Bethesda, Md 





oft the partial disappearat 
\s a quantitative 

the diameter o 

the margins 

ot transparency 

gypseum V/ 

larger with resy 
parent than the 
on the other hand, 


ticles ot horn were 


and transparency of the cleared 


S159 


a series of qetaiied experimn 


(Bodin) Gumart and Grigorakis 
? 

Vidal fragments 

ultimately disappeares 

crographs s 


beet TOU 








Z 
f 
Z 
< 
x 
LZ 
Z 
f 
Z 
< 
- 
=x 
% 


PAG 


by Microsporum gypseum 


mm 


} 





596 
Che zone 


hecome mad t in | i whl 
f translucence gradually extended until the particle had all but 


| ypeared at the end of 240 hours after ino 
PI 


fliisad 
f events described in the preceding para 


' 
ulation 


While the sequence © 
tv “al t} me i red taoor the dice Stiol ot fragment 
ypical, time required th ig Ion Ol a iragm 

considerably depending on tts size, shape, proximity to the 
f inoculation, and previous treatment The thin ribbons of 
autoclaving disappeared 


horn produced by filing and sterilized by 


i 
apidly than the thicker particles pro uced by the Wiley mull 


lized with chloroform 
ngernaus Preliminary observati digestion otf trag 
human fingernails indicated th process was ver 
f horn: The particles of fingernail 1 


! 


digestion ¢ 
ft horn, they were 


7 } 
app arance ciosety resem 


the 


ly th ame length 


hey were digested 


Kinhate 

Wool represents a more complex form of keratmized 
does horn or fingernails, because the molecular units 
longitudinally, and each is differentiated into a 
the cortex, composed ! ile shaped cells and al 

the cuticle, made up overlapping scales 
hecause such stud 


wool was not studied 
currently m= progress mother laboratory: however, a 
nis imeluded tor sake completeness 
SeTICS, ybservations o1 a dige Stion ola wool fiber were 
ra 10-day period he tungus appeared to be able 
tf the fibers were at 


Whether the hyphae 


cuticle readily, since 


the scales of the 


‘re was little distor 
\fter penetrating the 


the cortex \ecom 


inal growth were opaque areas which appeared 
lL hese opaque , and in some cases 
hyphi rnuld listinguished within 

1 ired. sO that 


le whicl 





DIGESTION 


()RSERVATIONS ON KERATIN 





be completely 
Hiuman hav Human 
thev are differentiated 
rte and the cuticle, 
medulla, which occupies the central ax! 
he continuous, tragni¢ ntal, or absent 11 
when present, 1s con posed of somewhat 
\ series Of photographs showing 
shown (FIG 
possessed 
tinuous medulla ‘ht hours al late had been in 


culated the first gave rise to brane hes 


which approached th ‘ ar ! ¢ Cases the hyphae pro 


eeded along the “a t fi ! ome. distance These 


, , 
iwphae were not visibl im unstained parations but cor ld be 


hserved : KEG i il stained with acid tu 


Hhenol ] i li wl ich were closely appre ssed to the ha 


shaft appeared to the ones responsible for penetration 


of penetration was difficult to establish: in one 


. | 
cutici¢ 


processes to } lhnost concurrently atter penetrat 
ad heen effected lirst, there was a proliteration ol 
heneath the cuticle together with an apparent swe! 
o that a ve sicle of eruption was formed 
varied considerably ; sometim 
while occasiom 


se'* ond, Sctli¢ 


: | 
unattacked portions 


intrusions were deepl 


intrusio! 





PAGE: OBSERVATIONS ON KERATIN DIGESTION 599 


appeared to pass through the hair shaft. Breakdown of the cortex 


appeared to extend longitudinally from the mtrusions (FIG 2, j) 


The attacked areas of the cortex appeared as dark shadows which 
gradually extended until the entire hair had lost its original 
appearance (FIG + 2 h 

Human hair under attack by WV. gypsewm was studied with the 
polarizing microscope and compared with hair viewed with ordi 
nary light. Normal hair showed strong birefringence when viewed 


with polarized light. The intrusions, however, showed no bire 


fringence and remained dark when observed through crossed 


Nichol’s prisms in strong contrast to the unattacked portions of 
the hair. Regions of the hair where the cortex had been attacked 
showed diminished biretringence at the edges of the zone of attack 
and no birefringence where the shadows appeared darkest undet 


ordinary light 


DISCUSSION 


From a theoretical standpoint, the most significant result of the 
present investigation was the indication that Microsporum gypseum 
and other dermatophytes are capable of digesting keratin. The 
almost complete disappearance of particles of horn and fingernails 
and the loss of birefringence by hair during attack by the fungus 
indicate that keratin was digested 

Observational evidence for keratin digestion, while not quanti 
tative, is superior in several respects to other possible criteria and 
is, therefore, a valuable adjunct to them. The criterion of the 
measurement of the tensile strength of fabric which has been widely 
used in the study of the degradation of cellulosic textiles is open to 
objection when applied to multicellular keratinized material, be 
cause a decrease in tensile strength might indicate a breakdown of 
the intercellular cement rather than of the keratinized cells. Simi 
larly, growth of an organism on keratin-containing substrata or the 
accumulation of by-products of metabolism in a medium might 
prove misleading unless supported by other evidence 

While keratins are resistant to the action of proteolytic enzymes 
of the higher vertebrates (cf. Routh and Lewis, 1938), digestion 


of keratins has been demonstrated with several organisms, notably 
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first ramified over the surface, then penetrated the hair at right 
angles to the axis, and finally extended into the cortex in a direc 
tion parallel to the axis. Microsporum gypseum, in its attack on 
keratin, did not, therefore, show the precise orientation with re 
spect to the direction of the micelles which is characteristic of the 
attack of certain organisms on cellulose (Stanier, 1942: Bailey and 
Vestal, 1937 ) 

From the point of view of medical mycology, the ability of 
gypseum to attack fingernails vigorously in vitro is of interest, 
since this organism does not appear to be an etiologic agent of 
onychomycosis. Some factor other than the nature of the keratin 
must be responsible for the distribution of the fungus on the host 

The growth on hair also differs from that observed in the clinic 
The spore sheath, which characteristically surrounds the hair shaft 


in cases of tinea capitis caused by members of the genus Micro 


sporum, was absent in the hairs embedded in agar, and both 


macroconidia (fuseaux) and microconidia were produced in abun 
dance on the surface of the medium. Invasion of the hair shaft 
occurred regularly in these cultures, whereas in cases of tinea 
capitis caused by 7. gypseum, the reports are conflicting. Carrion 
and Silva (1944) report that invasion occurs, while Lewis and 


Hopper (1943) state that it does not 


DEPARTMENT OF BIOLOGICAL SCIENCES 
STANFORD UNIVERSITY, 


STANFORD, CALIFORNIA 
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ASHBYA GOSSYPII—ITS SIGNIFICANCE IN 
NATURE AND IN THE LABORATORY ** 


Tuomas G. PripHaAM AND KENNETH B. Raper 


Fermentation Division, Northern Regional Research Laboratory, 


Peoria, Illinois 
(WITH 4 FIGURES) 


For the past several years investigations concerning the yeast 
like fungus Ashbya gossypu (Ashby and Nowell) Guillermond 
have centered around its capacity to synthesize large amounts ot 
riboflavin, or vitamin B,. Aside from its flavinogenic potentiali 
ties, however, 4. gossypii possesses certain other characteristics 
which accentuate its importance to man. Its pathogenicity to 


wards important crop-plants is of considerable economic concern 


Its physiological activities are utilized in certain fundamental stud 


ies and in a microbiological assay for the vitamin biotin. Finally, 
its anomalous morphology and cultural behavior present interest 
ing problems relative to its classification and possible phylogenetic 
relationships. The present report is an attempt to assemble avail 
able information concerning these unique characteristics of 4. gos 


sypu and its potentialities as a vitamin producer. 


OCCURRENCE AND PATHOGENICITY 


Ashbya gossypii (Ashby and Nowell) Guilliermond, otherwise 
known as Nematospora gossypii Ashby and Nowell, or Ashhta 
gossypu Ciferri and Fragoso (Ashby and Nowell, 1926; Guillier 
mond, 1927, 1928; Fragoso and Ciferri, 1928; Ramsbottom, 1942 ) 


1 Report of a study made under the Research and Marketing Act of 1946 
One of the laboratories of the Bureau of Agricultural and Industrial 
Chemistry, Agricultural Research Administration, U. S. Department of 
\griculture 
\ portion of the material here reported was included in a thesis sub 
mitted by the senior author to the faculty of the University of Illinois, Jun 
1949, in partial fulfillment of the requirements for the degree of doctor of 
philosophy in bacteriology 
603 
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vas possibly first observed by Bartlett in 1907. He noted the 
characteristic spores of either this organism or .\ematospora coryl 
Peglion im imfected cotton bolls from British Guana, but was un 

to isolate the organism im pure culture The first isolation 
ind characterization was recorded by Nowell in 1916-1917 who 
found the organism to be one of four species mfecting 
the British West Indies ( Nowell, 1915, 1916. 1917. 1917a) Dur 
ing the same period Nowell (1917a, 1918) obtained further evi 


dence regarding its occurrence He observed that certain sucking 


cotton in 


msects were Of importance in its dissemination and that tomatoes 


could also serve as a host The organism was more tully chara 


terized and wiven the name .Vematospora gossypu some years later 
when it was tsolated from the lint and seeds of cotton originating 
n the British West Indies and Nyasaland, and from the seeds of 
jmson weed and nilkweed (Ashby and Nowell, 1926) 

It has since been reported as a widely distributed and destruc 
tive pathogen of a variety of important economic crop-plants, im 
luding cotton, coffee, citrus fruits, tomatoes, okra, and various 


legumes (table 1 It has been isolated in North America only 


1 
CCASIONAILIS 


Other possible hosts have been reported by Wingard (1925 


ind the list could undoubted|, he expanded were the host plants 


of the insects responsible for the transmission of this and related 


, ee 
microorganisms thoroughly investigates 


In cotton, the disease produced through intection 

as . 

issypu and related organisms in the genera .\ emati 
nophthora, and [iremothecium is variously termed 


cosis,” “Internal Boll Rot,” or “ Staining The orgat 
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developing lint tibers ome dirtv-vellowish nn 
the | | ome totally re 
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mendous annual losses occur in African cotton-growing regions as 


a result of this infection 
In coffee, the seeds are aftected, the disease appears in the torm ot 


rABLE I 


KePoRTED Hosts AND GEOGRAPHIC LOCATION OF Ashbya sypit ISOLATIONS 


Re rt 
1 sclepias lrinidad, B.W.I. (1) * 
entrosema pli er Belgian Congo (16 


‘itrus aurantium Florida 


17 
17 


( 

( 

Citrus nobilis Florida 

Coffea arabica Belgian Congo (8), Kenya (7, 9), Tanganyika (16 

Coffea robusta { ganda 16) 

Datura meté Montserrat, B.W.I. (1 

Glycine max Belgian Congo (16), Union of S. Africa (16 

Glycine soja Belgian Congo (16), Union of S. Africa (16 

Gossypium spp \nglo-Egyptian Sudan (19), Antigua, B.W.1 
1, 11), Bahama Is. (19), Belgian Congo (2, 12 
14, 18, 20), Bequia, B.W.1. (11), Brazil (16) 
British Guiana (11), Burma (12), Dominican 
Rep 3), Grenadine Is., B.W.I 1), Fin (19 
Jamaica (19), Kenya (19), Montserrat, B.W.1I, 
1, 11), Natal (19), Nevis, B.W.1I ae 
N. Rhodesia (19), Nvasaland (1, 13, 19), Por 
tugese E. Africa 19), Queensland 19), S 
Nigeria (6, 19), S. Rhodesia (5, 19), St. Vincent, 
B.W.1. (1, 11, 19), Swaziland (19), Tanganyika 
16, 19), Trinidad, B.W.I. (1), Uganda (4, 19 
Union of S. Africa (10, 15, 19 

Hibiscu 3p Brazil (16 

Hibiscus cannabinu Uganda (16 

Hibiscus esculentu Uganda (16 

Lycopersicun Mien St. Vincent, B.W.1 11 

Persea gratt a | ganda (14) 

Phaseolus lunati Belgian Congo (16 

Phaseolu Union of S. Africa (16 

Phaseolus vulga Union of S. Africa (16 

Sida sp Brazil (16 

Sterculia platinif Union of S. Africa (16 

Vigna sp Belgian Congo (16 

* References refer to citations in table: (1) Ashby and Nowell, 1926; (2 

Brixhe, 1938; (3) Fragoso and Ciferri, 1928; (4) Hansford, 1930; (5) Hopkins, 

1932: (6) Laveock, 1935: (7) LePelley, 1942; (8) Leroy and Hendrickx, 1941 

9) McDonald, 1932, 1933; (10) Moor, 1930; (11) Nowell, 1915, 1916, 1917, 

1917a, 1923, 1939: (12) Rhind, 1927; (13) Richardson, 1941; (14) Steyaert, 

1934, 1934a, 1936, 1939, 1946; (15) Ullvett, 1930; (16) Wallace, 1932, 1939; 

17) Weber, 1933 18) Publ. Inst. nat. Etud. agric. Congo belge, 1939, 1941 

1943; (19) Emp. Cott. Grwg. Repts., 1926-1948; (20) Bull. Agric. Congo 


helge, 1941 


a dry rot with blackening and shrinking of the beans. This leads to 
“floats” after pulping, and to cracking of the beans in the drying 


frames (Wallace, 1931, 1932, 1939) When infections occur in 





606 Mycotocia, Vor $2. 
le PuMinous plas ts, the disease Is gener ills termed 
Che seeds become dry, shrivelled, and dark ( Wallace, 1932 
Numerous studies sponsored primarily by the Empire Cotton 
| } 


Growing Corporation of England have demonstrated conclusively 


that Ashbya gossypu and related micro-organisms are transmitted 


from plant to plant by certain hemipterous insects (see Emp. Cott 


Grwg. Corp. Repts., 1926-1948; Bull. Agric. Congo Belge, 1941 
Frazer, 1944; Hansford, 1927, 1930; Laycock, 1935; lLePelley, 
1942: Marsh, 1926; McDonald, 1932, 1933; Moor, 1930; Nowell, 
1917a; Pearson, 1934; Rhind, 1927; Stevaert, 1939, 1946; Ullvett, 
1930; Wallace, 1932; Weber, 1933; Wickens, 1942; Williams, 
1934 Various species of Dysdercus (cotton stainers) have been 
the most frequently observed carriers, ) species 

(green bug), Leptoglossus (leaf-footed tomato bug 

tomato bug), Antestia (coffee bug 

cated Intestia species have been observed 


; 


of coffee bean infection 


hese msects mechanically transmit the organisms fron 


plant during the course of their feeding he spores or my 

are carried as external contaminants on tl mouth parts and in the 
deep stylet pouches Spores apparently 

yerminate alter reac hing 

nav germinate in the 


accomplished 


an open wound in 
0 penetrate the outer « 


of infection 1s through 


the tissue of the host 


i. gossypu and related 

this mode of infection 
inoculation of susceptible 

by 


jection 
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ranges from approximately 50 per cent at one week to less than | 
per cent at maturity, accompanied by a steady decline m suscepti 
bilitv: high humidity increases the incidence of infection (Marsh 
1926; Emp. Cotto. Grwg. Repts., 1926-1948; Hopkins, 1932; 
Pearson, 1934, 1939, 1947; Steyaert, 1936, 1938, 1939; Rainey, 
1940, 1948; \Vickens, 1947) 

The staining of cotton by these organisms is due apparently to 
a modification of the protoplasm of the central canal of the lint 
hairs (Marsh, 1925). Pearson (1934) enlarged upon this theory 
by indicating that such a modification followed killing of the fibers 


by a toxin secreted by the organisms. He reported that decrease 


in susceptibility with age of the bolls was due to evacuolation ot 
~ 


the lint hairs and drying which impeded the movement otf tox 
substances within the hairs In later iments Pearson (1947) 
was unable to redemonstrate toxin production by 4. gossypu 

The fact that 4. gossypi an important plant pathogen has 
caused some concern regarding its use in an industrial process tot 
the production of riboflavin However, our attempts to isolate 
viable cultures from drum- or spray-dried fermentation residues 
have been unsuccessful In addition, preliminary thermal-death 
time studies have indicated that the o lism is rather susceptible 
to moderate temperatures under laboratory conditions, being killed 

, 


in less than 20 minutes at OO” ( 


70° C when exposed in fermented liquors 


sy otters a challenge to the taxonomiust, since it 
appears to possess characte ristics of both phye mvycetous and asco 
mvycetous tung Its anomalous morphology presents problems in 
classification 1 pose questions as 
ships 
Nowell (1917) first pointed out the 


organism to certain species of Nematospora, Eremothecium, and 


what is now the genus Spermophthora. We indicated that not 
until spore formation occurred could these three genera be sep 
arated. Ashbya gossypii most closely resembled Nematospora 11 


the mode of formation and morphology of its spores, but differed 
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Stelling-Dekker (1931) omitted the genus Ashbya trom her 
classification of the sporogenous yeasts, and considered its position 
doubtful, representing no more than a section of the genus Nema- 
tospora in the subfamily Nematosporoideae and family Endomy 
cetaceat \ccording to her treatment, it would be related to the 
genera .\/onosporella and C occidiascus 

Dodge (1935) retained the generic name Ashbya, but set up a 
separate family, Ashbyaceae, under the order Endomycetales to 
include this genus, as well as the genera Piedraia and Eremo 
thecium 

It would thus appear that taxonomists generally agree upon plac 
ing the organism in the order I:ndomycetales of the Hemiascomy 
cetes. From this point on, further attempts to classify Ashbya 
gossypu differ. It appears to possess characteristics of several 
families. If one accepts Martin’s system of classification (1948), 


A. gossypu is seen to possess characteristics which suggest rela 


tionships with three different families. In the following quoted 


characterizations, features which apply to 4. gossypu are italicized 


Ascoideaceae—S pore sacs (asci?) many spored; gametangia, when pres 
ent, sometimes multinucleate.” Such genera as Ascoidea and Dipodascus 
are included here 

“Endomycetaceat Asci with 8 ascospores or fewer; gametangia when 
present always uninucleate; asci borne on a well developed mycelium.” This 


includes the genera Endomyces and Eremascus 


Saccharomycetaceae—Mycelium lacking, reproduction by budding, asct 


formed y transformation r ¢ ! cel as the result of fusion of two 


a 


cells.” Such genera as Sacch iyces, Pichia, and Nematospora are in 
cluded in this family 

Recently, Routien (1949) has described a new genus, Crebothe 
cium, designed to include the organism now known as Eremothe 
cium ashbyu. Ashbya gossypu closely resembles EF. ashbyit and 
with the exception of the morphology and arrangement of the 
spores within the sporiferous sacs, the two species could well be 
included in the same genus. The possibility that A. gossypii ac 
tually represents a species within the genus Eremothecium, or the 
new genus Crebothecium, it such genus is valid, is not without 
consideration. There is the further possibility that E. ashbyii 
could represent a species within the genus Ash/ya since the latter 


has been validly described. Guilliermond (1936) has pointed out 
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Colonies upon yeast extract malt extract peptone glucose agar 
after 10 days at room temperature (24-26° C), circular, flat 


slightly raised, membranous, myceloid with advancing edge fila 


-~ 


mentous. On the second or third day of growth short, ported, 


matted, hair-like growths form on the surface of the colony Or 


the fourth or fifth day, radial ridges or grooves appear, and in 


some instances haphazard wrinkles develop. Colonies grow at a 
fairly uniform rate of 3 to 5 mm. per day, reaching a maximum 
diameter of 38 to 50 mm. in 10 days, usually 35 to 40 mm. The 
marginal edges of colonies are made up of typical dichotomously 


~ 


branched hyphae (ric. 2B) Colonies, at first, completely, 





‘ 


ic. | {shbya gossypu (Ashby and Nowell) Guilliermond 
omes growing on peptone, yeast extract, malt extras 
temperature {, Strain NRRL Y-1056 (flavinoge 


Y-985 on-flavinogenic ) 


to greyish-white, becoming pale lemon yellow 
intense ; center \t 5 days, the pigment is intensified to 


llow and at 10 day Ss to an orange ye 


lemon ye llow to reddish orange 


edges of the colonies at all times are white for 
ipproximately 5 mm Depending upon the rapidity of riboflavin 


] 


synthesis on solid media, concentric rings begin to appear marking 


zones of periodically increased flavinogenesis. Sectoring to white 
areas is infrequently noted. In 7 to 10 days, the medium surround 
ing the colony is often pigmented a yellowish-green due to th 
diffusion of riboflavin or some derivative. Colonies are extreme] 
adherent and may be peeled from the surface of the medium 


their entire ty 
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mond (1927, 1928, 1936), Stelling-Dekker (1931), and Wallace 
(1932). From these studies and our own observations, the fol 
lowing morphological characteristics may be considered as typical 


of this organism (F1Gs. 2, 3, 4) 


Hyphae hyaline, often vacuolated or containing a granular mate- 
rial and numerous hyaline droplets, at first non-septate. The first 
septum develops 150 to 200 » behind the growing tip, others form- 
ing at intervals of 50 to 70m. Hyphae converging slightly at the 
septa, developing into long thin segments from 6 to 10m in diam 
eter, branching dichotomously. Lateral buds developing on the 
hyphae at an early stage of growth, singly or in short chains, fall 
ing away and reported to be capable of germination. Vegetative 
reproduction reported to occur through transverse fission and sub 
sequent separation of the daughter cells, this toruloid form being 
assumed only under conditions which preclude spore formation. 
In flavinogenic strains, riboflavin or a derivative may be observed 
within certain cells as a yellowish-oily fluid, or as needle-like 
orange crystals (F1G. 3D). The number of nuclei in the cells varies. 

Sporiferous sacs (asci?, sporangia?) abundant, developing from 
hyphal segments, appearing haphazardly along the mycelium, oc 
curring singly, or in chains, sometimes branched. These cells vary 
considerably in size, but range predominantly from 100 to 200 by 
10 to 20. They occur in a variety of shapes, sometimes clavate 
or cylindrical, but most frequently in the form of a sigmoid body 
Glycogen is abundant at the beginning of spore formation and the 
sporiferous sacs may contain a granular protoplasm or may be 
highly vacuolated. Later, the interior of the sacs becomes hyaline 
except for the space occupied by the spores. The sacs ultimately 
break or autolyze to release fascicles of mature spores 

The nuclei in the sacs are reported to undergo two mitoses in 
spore formation similar to those of the higher Ascomycetes.  Guil 
liermond (1927, 1928) has described in detail the cytological proc 
esses involved. At the end of the nuclear divisions, a sporogenous 
plasma remains. This material then divides into long filaments, 
reuniting into fascicles as the spores are formed 

Mature spores are grouped parallel into two or more fascicles 
of 2 to 6 spores, and are arranged lengthwise in the sac. The 
spores, when liberated, are held together by means of long inter 
twined appendages 50 to 100» in length, consisting of a difficultly 
stainable homogeneous plasma. Spores may number from 4 to 32 
per sac (usually 12 to 16). Dependent upon the substrate in or 


upon which the organism has been cultivated, spores vary in dimen 


sions from 25 to 37 by 2 to 5y. The spores are acicular to fusi 
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Swollen hyphal elements, termed “Bulb-forms” (Fics. 2, 3, 
are typical of the flavinogenic strains of Ashbya gossypu. 


615 


4). 


These 


occur in cultures where riboflavin has been synthesized. They 


ssypu) (Ashby and Nowell) Guilliermond (Strain 
Y-1056) Preparations from 10-day colony, room temperature 
typical mounts showing nature of hyphae, immature sporiferous 
sacs, “bulb-forms” and sporiferous sacs containing spores 300. CC, Sporif 
erous sacs at end of chain, showing characteristic sigmoid form and granular 
nature just prior to spore tormation, * 1500 Dp, oSporiierous sac containmeg 
one tascicle of spores, second tasci le has been released through pore at lower 
end of sac, 1300. E, Singk 


} 


dage, 1300. /, “Bulb-forms,” 


possibly represent the response of the 


organism to changes in 
osmotic tension influenced by the production of large amounts of 


the vitamin These cells are usually filled with a vellowish-oily 


fluid, probably riboflavin or some derivative in the dissolved state 





Mycotocia, Vor. 42, 1950 


They vary considerably in size and appearance and develo 


as terminal or intercalary cells In some cases there 


resemblance to chains ot veast 


PHYSIOLOGICAL CHARACTERISTICS 


The nitrogen requirements ol Ishbya goss ypu have been inves 
tigated rather extensively. Farries and Bell (1930) found that 
KNQO, and NH,’ salts were of little value as nitrogen sources 
Their findings were confirmed by Buston et al. (1938) who ob 
served no utilization of the ammonium salts of sulfuric, nitric, 
hydrochloric, tartaric, lactic, or pyruvic acids in mineral-salts media 
containing inositol and a factor obtained from lentils by Buston 
and Kasinathan (1933 When these media were supplemented 
with B-alanine or /-aspartic acid, moderate growth was attained 
Stelling-Dekker (1931) and Wickerham (personal communica 
tion) have observed that NO. is not assimilated by either flavino 
genic or non-flavinogenic strains. 

Farries and Bell (1930) further demonstrated that the organism 
is capable of growing in media containing the hydrolytic products 


f natural proteinaceous materials such as degraded animal protein, 


ol 


2 


egg-white, gluten, or casein. Their strains failed to grow in media 


het 


5 
i 
* 
| 
? 
‘ 


containing gelatin, edestin, or fibrin in any form, or in media con 


taining simple mixtures of amino acids. Growth was obtained 
with certain of these latter materials when peptone, or a factor 


ble by aleoholic precipitation from egg-white, or casei 


asily separa 
was present Buston and Pramanik (1931) and Buston ef al 
| 


(1938) in confirming these findings identihed one of the accessory 


With ! ! ontaining 1} Nnosito 


Mustor 


1933), Kogl and 
1944) that in additior 








PripHAM & Raper: AsHBYA GossyPI!I! 617 


to meso-inositol, biotin and thiamin were required for adequate 
growth of A. gossypii. Ot these factors, biotin (the lentil factor 
of Buston and Kasinathan) was found to be the most important 
Thiamin is synthesized by the organism, but in sub-optimal 
amounts. Good growth was obtained in glucose-mineral salts 
media in the presence of the three factors. Attempts to replace 
the biotin with pimelic acid or with a mixture of pimelic acid and 
l-cystine have been unsuccessful (Robbins and Ma, 1942). 

The biotin requirement is such that a microbiological assay for 
this factor has been developed, based on the fact that within certain 
ranges, the weights of mycelial pads are directly proportional to 
the concentration of biotin in the medium (Robbins and Schmidt, 
1939: Robbins, 1940). Their basal medium consists of dextrose, 
asparagine, mineral-salts, meso-inositol, thiamin, and trace ele 
ments. For biotin assay, cultures were incubated at 23 to 25° (¢ 
for 9 days, the mats weighed, and the biotin content of samples 
calculated from a standard curve 

Ashbya gossypu has also proved useful in other physiological 
studies, e.g., the mechanism of the physiological activity of gam 
mexane (hexachlorocyclohexane). The y-compound was shown to 
markedly decrease growth of the organism while the a- and B 
isomers had little effect. This confirmed the hypothesis that the 
activity of the y-isomer is due to its antagonism toward the essen 
tial metabolite meso-inositol, considered to have the same spatial 
configuration (Buston et al., 1946). Hawker (1948) has em 


ployed A. gossypii in mixed culture with Melanospora destruens 


to prove the latter capable of synthesizing inositol. Buston and 
Roy (1949) have used the organism in a study of the mechanism 


of action of certain unsaturated lactones. Their evidence indi 


cates that the inhibition of growth caused by these compounds is 
not concerned with the metabolism of thiamin, ascorbic acid, nico 
tinic acid, biotin, or inositol. They further demonstrated that 
certain sulfhydryl compounds and amino acids may counteract the 
effects of these lactones 

The carbon requirements of <Ishbya gossypu have been studied 
by several investigators. Marsh (1926) observed that the organ 


ism was unable to attack potato starch in a mineral-salts medium 
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where yields up to 1760 yg. of riboflavin per ml. have been ob 


tained in shake-flask cultures in a peptone-corn steep liquor 
yields have been attained 


] 


glucose medium. These maximum 


through feeding additional glucose during the course of the fer 
fa n band ted 


mentation (Pridham, 1949) Yields of 500 to 600 micrograms 
’ 


per ml. are regularly achieved in pilot-plant trials by submerge: 


aerobic fermentation using animal stick liquor, corn steep liquor, 


and commercial glucose (Tanner et al., 1947, 1948, 1949; Lang 
ford, 1948: Pfeifer et al., 1949) Fermented media are ulti 


mately dried down to give riboflavin concentrates containing fron 


25,000 to 30,000 py. of the vitamin per gram. This material is 
employed directly in supplementing animal feeds. By appropriate 
chemical or microbiological techniques the riboflavin may also be 


recovered to meet pharmaceutical standards 
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PATHOGENIC SPOROTRICHA; THEIR 
CARBOHYDRATE REACTIONS 


In 1SO9, [Link 10) described eleven species ot Spo 
most of which were derived from decaying wood 
lt was not until 1898 that Schenck (16) described a tungus re 


sembling a Sporotr chum isolated from a human lesiot (One year 


later Brayton (4) reported a Cas which clinically accorded with 


sporotrichosis but cultural examination was not done In 1900, 


Hektoen and Perkins (9) isolated from a patient a fungus which 
was found to be identical with that of Schenck They named the 
organism 5S porotri hum Schene 

Three vears later de Beurmann and Ramond (5) described the 
first case of sporotrichosis im France This strain was stuched by 
Matruchot and Ramond (11) They named it Sporotrichun 
Bi urwanni During the next tew years numerous Cases were re 


ported in the world literature 
Several pathoge nic species ot Sporotriu hum have been reported 
Some descriptions include the carbohvdrate fermentations, « 
is said to be inert in glucose, sucrose and lactose, while 
said to produce acid with glucose, fructose and mal 
as Hektoen and Perkins (9 report 
lactose, olucose or saccharose 
(,ougerot and 
nromannt strams stuched 
but not |: »and that the 


ferments lactose 


(12 carried 
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nite. Other sugars gave variable results. When twelve ot the 
strains were grown for several months, the acid produced was 


estimated by titrating with N /20 NaOH \ll were found to fer 
ment glucose with the production of lactic acid. Lactose was not 
fermented by any strain in O& days, but after 270 days all straims 


produced a trace of acid S. Beurmanni did not ferment saccha 


rose. They conclude by saying that the differentiation of species 


by carbohydrate fermentations 1s impossible 


In many reports the technique adopted to determine whether a 


is not described Most workers ce 


lange ot pH to acid as 


sugar was fermented or not 


pend on the production of gas and the cl 


\ 


shown by indicators In a few of the more intensive studies the 
total amount of free acid was estimated by titration with dilute 


alkali and in one or two cases the acid was identified 


Since ammonia and potassium bicarbonate are catabolic products 


t fungus growth both the pH of the medium as shown by indi 


f free acid as shown by titration wil 


{ 
1 
i 


cators and the total amount o 


depend on the balance between the amount of acid produced in the 


fermentation of a carbohydrate and the amount of catabolic prod 


ucts excreted by the growing fungus. It is possibly due to these 
factors that conflicting reports appear in the literature 

With this in mind, it was thought that a more detailed approach 
Was necessa’&ry 


Seven strains ot Sporotriu hum were selected for this study 


s \. asteroides Splendore Westerdijk, Baarn 

194] 
S. Schenck Duke University February 1944 

20. Rhinocladium Beurmanni. Dr. Langeron, Paris 

21 Rhinocladium equinwin Sabouraud’s collection 

32. S. Beurmanni South Africa Isolated from patient 
who contracted disease in gold mine. 1947 

6] S. Beurmannm. South Africa. Iselated from timber in 
same gold mine 1947 


No >. tropicals Dr. Ghose, India 


Phe first experiment was to note changes in pH of the medium 
Various media and in 


as shown by color changes of indicators 


dicators were tried \ medium containing Casamino-acids with 
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/-cystine, nicotinic acid and agar was found to give the most satis- 
factory growth. Bromo-cresol-purple was used as an indicator. 
At a pH of 6.8 it is a definite purple color whereas below pH 6 
it is bright yellow. Into the basic medium were incorporated 
various carbohydrates in a concentration of | per cent. The pH 
in each case was adjusted to 6.8. Slopes were inoculated with 
the different strains of Sporotrichum and maintained at 37° C 
\ll cultures were examined daily and the color changes recorded 
The results are summarized in table | 

Strain No. 72 showed very poor growth. It will be seen that 
of the other six strains, all produced acid in glycerine and glucose, 
five in mannite, two each in saccharose and maltose and no strain 
produced acid in lactose or starch. 

It is worthy of note that whereas on the fifth day all strains 
(except No. 61 in mannite) showed the presence of acid in gly« 
erine, glucose and mannite, by the fifteenth day glycerine was still 
acid with all strains, whereas glucose and mannite had reverted to 
their original pH with all strains except No. 32. It will also be 
seen that acid appeared for the first time in maltose and saccharose 
(strains 13 and 61) only after twenty-one days 

\s the changes in pH appeared to vary with the length of time, 
it was thought advisable to see if these results were reproducible 
Consequently the experiment was repeated and a tew more carbo 
hydrates were included. For the second experiment strain No. 72 
was kept at room temperature and a satisfactory growth was ob 


tained. The results are summarized in table 2 All seven strains 


produced acid in glycerine, glucose, mannite and levulose, three 


strains produced acid in sorbite, dextrine, adonite and imulin, two 
produced a trace of acid in arabinose and dulcite 

By comparing tables 1 and 2 it will be seen that the results are 
not entirely comparable and that there is nothing constant about the 
time taken for the acid to appear or disappear, ¢.y., in the first ex 
periment strain No. 61 did not produce acid in mannite but it did 
do so in the second experiment In the first experiment strain 
No. 20 produced acid in glycerine on the fourth day but in the 
repeat experiment it did not appear until the twelfth day. In the 
first experiment strain No 21 showed much acidity in glucose 


from the fourth to the tenth day and by the fifteenth day the 












widity had disappeared In the second experiment acid was 


demonstrable on the fourth day only and had disappeared by the 
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being fermented unless numerous other factors are carefully stand 
ardized 

The titration of the amount of acid produced is subject to the 
same fallacies. The only certain method of determining whether 
a carbohydrate has been fermented or not is the actual estimation 
ot the amount ot carbohydrate present in a liquid medium before 
and after growth of the fungus in order to determine whether the 
total quantity has been significantly reduced. Unfortunately, the 
chemical methods which are available for the determination of indi 
vidual sugars, and particularly of polyhydric alcohols, although 
accurate when only the sugar or polyhydric alcohol in question ts 
present, are not completely specific. Other compounds which are 
capable of reducing alkaline copper reagents or of being oxidized 
by potassium dichromate, are also estimated by these methods 
Hence any reducing substances of this kind which may be formed 
during the growth of the fungus will be measured in addition to 
the particular carbohydrate being tested. Because of this source of 
error a lower utilization of the carbohydrate would be indicated 
than actually occurred 

lf this limitation is borne in mind, however, the method of direct 
determination of carbohydrates before and after growth of the 
fungus should afford useful information as to their utilization 

The following experiments were based on these lines. The 
different strains of Sporotricha were grown in a basic liquid medium 
at a pH of 68 with and without the addition of various carbo 
hydrates \t the end of four weeks the pH was again estimated, 
the weight of fungus growth was determined and the residual 
carbohydrate estimated by a titrimetric method Che weight of 
growth in the basic medium was subtracted trom the weight in the 
carbohydrate medium, the difference being taken as an indication 
of the stimulatory effect of the carbohydrate. In the case of each 
carbohydrate a control uninoculated flask was left standing for the 
same length of time. Its pH and carbohydrate content were deter 


mined as accurately as possible. The difference in pH units be 


tween the pH of the control medium and those in which the fungi 


had grown was recorded. The difference between the carbohy 


drate content of the control and the culture media was taken as an 





ViycoLoci. 


amount of carbohvdrate utihzed or altered by 


ha nediul 
KOHPO 


IK 


lested and found to be tree trom 
reducing substances 


LOOO ex 


water was heated to between SO and 90° C and the 


added The sodium caseinate was added slowly, 


inorganic salts 


during which time the mixture was stirred with a glass rod. When 


completely dissolved it was allowed to cool and was filtered through 
uze he volume was made up to 1000 cc. and the pH adjusted 


100 ct 


pret 
quantities were pipetted into each of eight 


flasks which were then autoclaved 


medium was prepared in the same way except 


medium was autoclaved, after which the 
give a final concentration of O.4 pet 


dispensing 


50 ce. quantities into sterile flasks, the 


steamed for one hour on three successive days 
strains of tungus were maintained on Sabouraud’s 
tion agar containing no sugar \ platinum loop was 
gently over the surface of the growth and a minimal amount 
liey rat 1 ¢ the » | ul y li 
Wn transterred to the respective liquid media 
flask was left unimoculated 
papers were dried in vacuo over phos 
pret} \ i ] ( ] } 
hiter paper wi ighed in a weighing 
lope and 
weeks the conten ‘ach ‘ was filtered 
filter papers 1 ‘ and 
filter paper was lish 
weighed. The difference in was re 
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The pH ot the filtrate was estimated with a Beckman pH meter 
The amount of carbohydrate present in each filtrate was deter 
mined titrimetrically. By subtracting the amount of carbohydrate 
in the various culture filtrates from that in the control, the amount 
of carbohydrate utilized or altered by the fungi was derived 

For each strain the weight of dry fungus produced by the basic 
medium was subtracted from that given by the carbohydrate me 
dium. This gave some indication of the increase in growth due 


to the presence of the carbohydrate 


TECHNIQUE OF CARBOHYDRATE DETERMINATIONS 


Vonosaccharides ( Modification of Benedict’s method). An ac 
curately measured 25 cc. of Benedict's reagent in a beaker is 
brought to boil. From a burette a standard 0.4 per cent solution 
of the particular carbohydrate in distilled water is added slowly 
until the blue color of the Benedict's reagent has almost disap 
peared. The mixture its boiled for three minutes until the reaction 
is complete. The carbohydrate solution is then added a few drops 
at a time, allowing '| minute boiling after each addition. When 
the blue color is no longer visible a few drops of a 1 per cent 
solution of methylene blue 1s added to the mixture and the titration 
continued until all trace of blue has disappeared and a white pre 
cipitate remains 

\fter the Benedict's reagent is thus standardized, the procedure 
is repeated, titrating with the filtered medium Usually, after a 
rough preliminary titration it was found necessary to use 10 cx 
of Benedict's reagent and to dilute the medium 1:4 in order to 
obtain greater accuracy 


Disaccharides To 25 ce of a standard 0.4 per cent solution 


of the particular carbohydrate are added 15 cc. distilled water and 


5 ec. 2N-H,SO,. The mixture is heated in a boiling water bath 
for five to ten minutes. After cooling, 5 cc. of 2N-NaOH are 
added to neutralize the solution. The total volume is then made 
up to 100 cc. This hydrolyzed solution is titrated against Bene 
dict’s reagent in the same way as for monosaccharides. After the 
Benedict's reagent has been thus standardized the same procedure 


is applied to the filtered medium 





Mycotocia, Vow. 42, 1950 


Polysaccharides. Yo 25 ce. of a standard 0.4 per cent solution 
of the particular carbohydrate are added 15 cc. distilled water and 
IS cc. 2N*H.SO,. The mixture is heated in a boiling water bath 
tor two and a half hours From time to time a few drops of dis 
tilled water are added to replace that lost by evaporation After 


1 


cooling, 15 ce. 2N-NaQOH are added to neutralize the solution 


’ 
Phe total volume 1s then made up to 100 cx Thereatter the tech 
nique ts the same as that for disaccharides 

Polyhydric alcohols. ( Moditheation of A.O.A.C. method 
following reagents are required 


1. Strong solution of KUCr.O, 
dissolved in distilled water \dd 
dilute to 1 litre with distilled water 
2 Dilute solution of K,Cr.O, Dilute 5 f the strong 


Cur )- to 1 litre with distilled wate 


$3. Diphenylamine madhicator lve m. diphenylamine in 


100 ce. cone. H SO), 
+. Retarder Dilute 150 ce« f si phosphoric acid with 600 


of distilled water and add 250 cc. conc. H,SO, 


’ > 
Ferrous ammonium sulphate solution. Dissolve 30 gm. crys 


ferrous ammonium sulphate in distilled water, add 50 c 


HoSQO., cool, dilute to 1 litre with distilled water 


Reagents 1, 2, 4 and S are diluted 1:3 before use 


To 25 cc. of the filtered medium are added l5cc.ofal5 per cent 


trichloracetic acid solution and 10 cc. distilled water. The mixture 


is stirred, allowed to stand for 10 minutes and filtered through 


filter paper To 25 ce. of th add 3 strong 
K.Cr.O; solution followed mn : 1 mixture ts 
heated in a boiling water bath for 20 minutes, cooled and diluted 
ith distilled water 
ammonium sulphate soluti standardized by 
1 adding 20 « 


distilled 


water, and titrating with the dil 
— , 
i adarK green cCoilofTt 


lrop until the 
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Twenty ce. of the ferrous ammonium sulphate (+ 20 cc. re 
tarder + 4 drops indicator + 100 cc. distilled water) are next ti 


trated with the oxidized medium (Volume of solution used 


y cc.) 
The amount of polyhydric alcohol present in the 25 cc. sample 


taken for analysis is: .01/3 x (30 — 2507/20y) gm. The me 


dium was originally diluted to half its strength with distilled water 
Therefore the amount of polyhydric al 


cohol in 25 cc. of the medium is .01 & 2/3 & (30 — 2501/20y) gm 


and trichloracetic acid 


The results of this experiment are summarized in table 3 

An examination of this table shows the following points 

1. In the basic medium without any carbohydrate the growth 
was very poor and the pH of the medium became more alkaline 


glucose, maltose, levulose and 


2. In the presence of glycerine, 
saccharose with all seven strains the medium became more acid, 
the weight of growth was improved and the concentration of sugar 


in the medium lowered 
3. With lactose and starch the changes in pH varied with the 


different strains, the growth weight of all strains was increased 


and the concentration of the carbohvdrate lowered There does 


not appear to be any relationship between the change in pH, the 
stimulation of growth and the amount of carbohydrate utilized, 


¢.g., in the case of lactose with strains No. 21] and 61, the reaction 


became more alkaline, there was no significant increase in growth 
but the concentration of carbohydrate was detinitely reduced 
With strains No. 13 and 32 there was no change in pH, a mod 
erate increase in growth and a lowerimg in the carbohydrate con 
One strain, No. 20, acidified the medium ; its growth stimula 


13 and 32 but the carbohvdrate was 


tent 
tion was less than that of No 


lowered to the same extent 


4. In the presence of arabinose the medium became more alka 


line with all strains, the growth weight was slightly increased but 


the sugar concentration was definitely reduced 


5. In the case of inulin the pH with all strains except No. 72 be 


came more acid, the growth weight was increased but the carbo 


21 


hvdrate was insignificantly reduced (except with strains No 
. — 


and 32). 
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6. With dextrine the pH became more acid; the growth weight 


of strains No. 8, 20, 32 and 72 was not significantly increased, that 
of the other strains being only slightly increased ; 


~ il os | 


an insignificant 


reduction in the carbohydrate occurred with all strains 


7. With glycogen the pH response varied with the different 


strains, there was no appreciable increase in weight but the carbo 


hydrate content was slightly lowered 


8. In the presence of mannite the pH response was variable, no 
increase in weight was detectable and there was an apparent in 


crease in the carbohydrate conte 


hi 


to determine whether any reducing substance was 


in the catabolic products, the seven strains were grown in 


the same basic medium without any carbohvdrate \t the end of 


four weeks the filtered media were subjected to the potassiun 


dichromate technique It was found that with several strains a 


reducing substance had appeared in the medium \s this tech 


nique 1s incapable ot differentiating mannite 


. hs 


from other reducing 
substances the higures given in table 3 represent the total amount 


} 


ot reducing substance present It Is not possi le, theretore 


state whether the concentration of ma vac been reduced or 


not It can, how *, be seen that there was no improvement in 


1} bielarlote 
rie pro MAT LATT 


therefore, that man 
ot fermented 
of glycerine, the hnyures gi 


~ 


lye regarded as 
approximate The total quantity of glycerine utilized probably 
exceeds the estimated amounts 


If one Cat iccept the productior or acid, the im reased growth 
and the reduction of the carbohydrate content as evidence that the 


been termented, then all seven strains fermented 


levulose ; | saccharose In the case 


more alka 





|cRIE: PATHOGENK SpOROTRICHA 


rABLE 3 


CORRELATION OF CHANGE IN pH anp WEIGHT OF GROWTH with UTILIZATION 
or Various CARBOHYDRATES s0 cc. SYNTHETIC Ligutp MEDIUM 
+ 0.4% CARBOHYDRAT! ORIGINAL PH 6.8 FOUR 
Weeks GrowTH AT Room [TEMPERATURI 


Basic Mediun 


7 
ano 


nx t > 
ee ee ee Be Bee | 


t t 
i 


—s sss 
sn 


“sons 


~ 


nn 


Control 
No a) 
No. 13 
No. 20 
No. 21 
No. 32 
No. 61 


No. 72 


Arann 


ann 


nn 


) 


Control 
No. 8 
No. 13 
No 20 
No. 21 
No 3 
No 


naw 


a 


‘ 
i 
‘ 
i 
‘ 
hy 
j 
/ 


No 








ns Ts Fan 


aad 





Control 








LURIE: PATHOGENIC SPOROTRICHA 637 


to the medium. Lactose and starch are probably fermented to a 
slight extent, and possibly also dextrine, inulin and glycogen. It 
is almost certain that no strains ferment mannite. There is no 
clear-cut difference between the seven strains as regards their 
ability to ferment the carbohydrates 

While not all the carbohydrates were used in each of the three 
experiments, several interesting comparisons are possible 

1. Glycerine, glucose and levulose, according to experiment 3, 


appear to be fermented by all seven strains. In the two previous 


experiments on solid media much acid was produced with these 


three carbohydrates 

2. While no fermentation of mannite was demonstrable in ex 
periment 3, acid was produced in both previous experiments 

3. In the first experiment only two strains showed the produc 
tion of acid with saccharose and maltose. Yet in the third experi 
ment all strains lowered the pH and appeared to ferment thes 
sugars 

4. On solid media no strain produced acid with starch, yet in 
the liquid medium five strains produced an appreciable lowering 


of the pH 


DISCUSSION 


In table 4 is summarized the available literature on the carbo 
hydrate reactions of different species of Sporotrichum. It is clear 
that there are many conflicting results. However, most investi 
gators, including this study, agree that pathogenic Sporotricha 
produce acid with glycerine, glucose, maltose and levulose All 
except Blanchetiére and Gougerot (2) agree that lactose is not 
fermented. They state that the original Schencki strain definitely 
ferments lactose and that this 1s one of the important features in 
the differentiation of S. Schenckii from S. Beurmanni. Their 
statement has never been confirmed Although the results of this 
study cannot definitely confirm or contradict this, no significant 
differences were shown by the Schenckti and Beurmanni strains 
Blanchetiere and Gougerot (2) also maintain that S. Beurmanni 
ferments saccharose and that S. Schenckti does not. Most workers 


have confirmed this statement In the present study there does 
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NEW SPECIES OF CELLULOSE 
DECOMPOSING FUNGI. II 


Chaetomium fibripilium 
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} ' 1 
(jreenish vell Howish brown Perithecia mediun to mod 


eratelv large in 51ze, thglobose or ovate with bluntly pomted bases 


g 

200 * 230 p (200-330 » 185-285 »), ostiolate, supported by del 
eate rhizoids, occasions ly producing cirrhi. Lateral hairs numet 
ous, greenish vellow, browning with age, straight neat base, 


~ 


larly wavy toward he < x, d netly septate, 
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in diameter, gradually tapering to the apex lerminal hairs nu 


merous, interwoven, greenish yellow when young, browning with 


age, unbranched or branched, some compositely branched, distinctly 
septate, forming’a large bushy head, at base 2.25—3.5 » in diameter 


gradually tapering to the apex Asci club-shaped, &-spored, fuga 


ceous Ascospores dilute green when young, when mature dilute 


brown, ovate, slightly apiculate at one end, round at the other, 


10 & Su (9.5-11.25 & 7-8.5 pw) 


} ] 


Type. Isolated from Sugar cane whicl Wi collected 
Hawanan Islands. Culture was mad 4 \. Besse 
sent to the writer for study 

C. fibripilium is distinguished, w oung, by its neutral green 


ascospores which become pale ) ! ith age, and its compact 


head hairs, manv of which inched compositely Phe 
branched terminal hairs are quite similar in structure to those ot 


C , I in color, ( sphaerale be ny grayisl 


vellow to olive-yellow The two species differ regarding the 
| 


ostiole region, C. sphacrale having a distinct neck which 1s lack 


in ©. fibripilimm 


Chaetomium mollipilium sp. 1 


Fulvum. Perithectis mag 
1304 (165-240 130-190 w) 
Pilis lateralibus, paucis, gracilibu 
] 


Pilis terminalibus moderate 


chametro, saepe ramosis, divaricatis 


sporis, 38 12.5, parte sporitera 


t 


rmibus, utrinque apiculatis, 10-12.5 


Light brown to cream-colored Perithecia of medium size, glo 
t 


o subglobose 175 & 130 4 (1605-240 « 130-190 p,), ostiolate, 


supported by light brown rhizoids, with cirrlu lateral hairs mod 


lom branched : ite, vraceful, at 


' 
Tpwse 


erate in number, wavy, sel 


3-3.75 w» in diameter, gradually tapering 
hairs sparse, forming a relatively open | 
tle pr — tl Pail ‘ i\ } | 
with wide angles, at base 3.25—4.25 » in 
ing to a ni; » Asci clavate, eight 


apiculate if both en 
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master Depot, Jeffersonville, Indiana, and designated as | 


‘hs 


APO, 565 \ similar isolate was designated as |—905 


This species is distinguished by its soft, easily mashed hairs, 
many of which are branched with wide angles. looking directly 
down on comparatively fresh cultures the outline of the perithe 


cium is clearly visible due to the paucity of terminal hairs Chis 


species has been isolated times from diseased fingernails 


Nail specimens trom tou es were washed in 95 per cent 


alcohol, rinsed water and then placed on mineral 


‘| he awhi | loped were found growing on the 


specimens is reported only as an interesting observa 


tion of apparent human nail infection by a species of Chaetomium 


Chaetomium nigricolor sp. no\ 


Nigrum , hecus magnitudims medi r] sis vel subglobosis SU 


230 uw (200-28 190-260 «) ostiol: hizoidets brunnets paratis 


' 


terdum cun vracilibus hscure septat 


apicibus a Pilis terminalibus 
numerosis septa 
simpliciter 


oct SPOTS 


amigdalo 
Blac k i rithe cla ot moderate Size, globos to subglobose, 250 


230 » (200-285 & 190—260 »), ostiolate, attached to the substratum 


with brown rhizoids, seldom provided with cirrhi The bushy 


haired heads have a ragged appearance |_Lateral hairs moderately 


numerous, straight « 1 iting, obscurely septate, 3.5-4.5 pw in 


diameter, roughened, black in color and tapering to faded tips 
Terminal hairs numerous, black, regularly and thickly covered with 
little black projections, with larger crystals or projections appear 
ing at random, undul with occasional spiral coils, frequently 
branching, at bas diameter, tapering to faded tips \sc! 


25 * Up, spore part 14 p Ma 


fugaceous, S spored, 


ture ascospores | wn, almond-s | ont apiculate at om 


end, 5 {) 
Type. From India. This species was received from Dr. J. ¢ 


Calman, who received the vecimen from India under the binomial 


7 
I 
Chactomium convolutum Chivers hev are similar only in color 


’ 


(. nigricolor is recognized by the black, intermingling branched 
y 


and simple undulating terminal hairs, and the all, brown 


ast ospore 5 











STUDIES IN THE GENUS CINTRACTIA. II. 
C. AXICOLA AND RELATED SPECIES 








( Berk Cornu is e tym ot thre wCMUS, IS 





distributes and best know1 Species \ ery 





little confusion has occurred concerning it in recent literature 

















: , 
However, a related species occurring on Cyperus, Cintractia lin 
fata Clint.. has occasioned much confusior In the present paper, 
descriptions and synonymy of five species of Cintractia intecting 

mirtst and Cyperus are presented Besides the names 1 
luded here, two other species, Ciutractia tangensis P. Henn. and 

: ) ’ | ’ Ladd 

; niractia javanica Racih ive been recorded on Cyperus Phe 

4 rrnietg iS not hee l ulable T study id he Ct ] is ween € 

} im | | ’ ] | »] 

{ cet The host of the latter was found to be a Rhynch ypora 

i) \s in the previous seri s, the institutions in which the specimel 

' , , 
( unined are ocated are indicated by abbreviations \bbrevia 
Ons hich were not given in the pre IS paper re as tollow 


vealth Mycological Institute, Kew LLP Instituto de Botan 
Spegazzim, > Universidad Nacional de La Plata: ND Indian 
il Research Institute, New Delhi Wherever the loca 


tion not given, the specimen is in the writer's personal collectior 





eratetul to 





IN THE GENUS CINTRACTIA 


SAW ay pt 


howdhury 
VOnsis he) ’ 


path. 1: 109. 1948 


Sort at the base of primary or auxiliary rays, less often m_ the 


ovaries, globoid to oblong, 1-4 mm. in length, at first each covered 


by a whitish false membrane which soon disappears exposing the 
black, agglutinate, compact spore mass. Spores when mature me 
dium to deep reddish brown, often with smoky tint, globose t 
oval, occasionally oblong or subangular, sometimes laterally com 
pressed, smooth to indistinctly pitted, or faintly ornamented with 


short, fine, sinuous striae, 12-17 & 9-15.5 pw, epispore 1—1.5 » thick 


Material examined: On Fimbristylis autumnalis (1 


United States: Beaumont, Alabama, in Herb. Berk 
(. axicola var. (IK.) ; Spiro, Oklahoma, in Barthol. Fungi 
406 (BPI): Virginia, type of (. fiumbristylis (CH 
On / bristylis diphylla (Retz.) Vahl. Brazil: Apiahy, Aug 


1SSS, ] : gi 287! i a eae wuari, Mar. 1940, Costa 


(Le 1: Bandarawela, Apr. 2, 1904, T. Petch 
(BPI). China: Canton, Kwangtung, C. W. Howard (BPI 


Tsingyen ,XAweichow, Aug. 19, 1940, S. C. Liu; Chengtu, Szech 
wan, Nov. 1947, K. R. Lin; Taipeh, Taiwan, Nov. 12, 1920, H 
Sueda, tvpe of C. sueda Dominican Republic: St. Domingo, im 
Herb. Berk 4745, type (K Indo-China lonkin, Feb. L&S89, 
4. Balansa 33, sub Cintractia junct Trel. (FH Paraguay 
Cordillera de Peribebuy, Mar. 25, 1883, 1B. Balansa 3775, type of 
vensis (LP 
is ferruginea (1. ahl Philippine Islands 

Manila, Luzon, Sept. 30, 1945, C. T. Rogerson 687 (BPI 

On Fimbristylis kagiensis Hay China: Taichung, Taiwan, Oct 
11, 1913, Y. Fujikuro, type of C. fimbristylts-kagiensts 

On Fimbristylis monostachaya (.) Hassk. Philippine Islands 
Manila, Luzon, Sept. 30, 1945, C. T. Rogerson 686 ( BPI 

On Fimbristylis sp. Cuba: in C. Wright, Fungi Cub. Wright 


6004 (FH Paraguay : in Balansa, Pl. Parag. 4294, sub l stilago 
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Material examined: On Fimbristylis complanata Link. India: 
Chatrapur, Ganjam, Orissa, Aug. 30, 1904, EF. J. Butler, type 
(ND). 
This species is very similar to Cintractia fimbristylis-miliaceas 
(P. Henn.) Ito and can be distinguished from the latter only by 
smaller and deeper colored spores. More collections should be 


studied to ascertain the range of variation in this group of tung: 


CINTRACTIA FIMBRISTYLIS-MILIACEAE (P. Henn.) S. Ito, Trans 
Sapporo Nat. Hist. Soc. 14: 92. 1935 


Ustilago fimbristylis-miliaceae P. Henn., in Engl. Bot. Jahrb. 37: 156. 1905 
Cintractia clinton Cif., Ann. Myc. 26: 30. 1928 


Cintractia pulchra S. Ito, Trans. Sapporo Nat. Hist. Soc. 14: 92, 1935 


Sori in the ovaries, forming globoid, black, compact spore masses, 
0.5-1.5 mm. in diameter, each covered at an early stage by a 
whitish false membrane. Spores when mature yellowish to red 
dish brown, spherical to oval, occasionally subangular, densely ver 
ruculose, 9.5—14.5 w in length, epispore 0.5—1 » thick 


Material examined: On Fimbristylis holwayana Fernald. Mex 
ico: Guadalajara, Oct. 12, 1903, C. G. Pringle, type of C. clintonu 
(CH ) 


On Fimbristylis miliacea Vahl. Japan: Yukatabara, Iwaki, Ni 


suta, Sept. 1890, S. Kusano 782, type (CH); Mikazuki, Tosa, 


‘/ 


Oct. 1907, T. Yoshinaga, type of C. pulchra; Oln, Oct. 1890, 
S. Yoshida (FH ) 

The spores of this species are not smooth as originally described 
by Hennings. The Mexican collection differs from those from 
Japan in having a thicker, deeper colored, and less evidently ver 
ruculate epispore. The variation may be due to the degree of 
maturity. The Mexican collection is apparently in an earlier stage 
of development which is indicated by the presence of numerous, 
hvaline, agglutinate, immature spores 
CINTRACTIA LIMITATA Clint., Proc. Bost. Soc. Nat. Hist. 31: 399 

1904. (Fic. 1 
Cintractia aa a ( Berk.) Cornu var. minor Clint., Jour. Myc. 8: 143. 1902 


intractia togoensis P. Henn., in Engl, Bot. Jahrb. 38: 119. 1905 


(Cintractia congensis P. Henn., Ann. Mus. Congo Bot. V. 2: 87. 1907 
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Cintractia cyperi-polystachyt P. Henn., Philipp. Jor . 3: 41. 1908 
Cintractia minor Jacks., Mycologia 12: 153. 1920 

l'stila chacoensis Hirschh., Not. Mus. La Plata 6: 4 194] 

U'stilago mariscana Zundel, Mycologia 35: 165. 1943 

Cintractia distans Mundk., Indian Jour. Agr 14: 50. 1944 


Sori at the base of primary or auxiliary rays, cylindrical, forming 
black, agglutinate spore masses surrounding the branches, extend 
ing up to 1 cm. in length and 7 mm. in diameter, each covered at 
first by a whitish false membrane which soon disintegrates ; often 
also infecting the ovaries, each forming a globoid black spore mass 
surrounding a rudimentary columella, 1-2 mm. in diameter, ag 
glutinate at earlier stages, becoming rather dusty, exposed between 
the spreading glumes, and often spreading to adhere to the glumes 
and other floral parts. Spores when mature ochraceous brown to 
deep reddish brown, often with smoky tint, spherical to oval, occa 
sionally subangular, frequently laterally compressed, 9-14.5 * 7.5 
13; epispore smooth, | » or less thick 


Material examined: On Cyperus compressus L. China: Tai 
tung, Taiwan, May 21, 1911, K. Sawada 

On Cyperus corymbosus Rotth Cevlon: Peradeniva, June 29, 
1913, T. Petch 3719 

On Cyperus cyperoides (L.) O. Ktze. Gold Coast: Abort, May 


H. Bunting (CMI). Nigeria: J]. West 25 (CMI) 


Sierra Leone: Newton, June 26, 1935, F. C. Deighton (CMI) 
Uganda: Serere Teso, June 29, 1939, C. G. Hansford 1002 (CMI) 


Union of South Africa: Imfulazane, Melmoth, Natal, Dec. 1, 1919, 


\. O. D. Mogg, type of U. mariscana (BPI) 

On Cyperus digitatus Roxb. China: Taichung, Taiwan, July 2, 
1936, Y. Hashioka 

On Cyperus distans L. Belgian Congo: Kinshasa, June 1, 
1916, H. Vanderyst (BR); prov. Orientale, Apr. 1926, J. Ghes 
quiere 562 (BR). India: Dacca, Bengal, Aug. 1940, P. Mahesh 
wari, type of C. distans (ND) 

On Cyperus dubius Rotth. Uganda: Serere Teso, June 29, 
1939, C. G. Hansford 1644 (CMI) 

On Cyperus esculentus L. Belgian Congo: Kelomila, May 
1906, H. Vanderyst 105, type of C. congensis (BR); Boma, Apr 
1913, H. Vanderyst 1299 (BR 

On Cyperus grayii Torr. United States: Vineland, New Jersey, 


July 9, 1912, W. R. Jones (BPI); Sandy Hook, New York, 1 
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find in the collections labelled as C. limitata that both the spikelets 


and the base of the rays are smutted by the same fungus. Figure 


1 A, illustrates such a case in a collection from Venezuela on 
Cyperus ligularis, the type host of C. limitata. Therefore there is 


no real distinction between these two species in the characters of 


both the sori and the spores. According to the International Rules 


of Botanical Nomenclature, C. /imitata is the valid name 
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EXPLANATION OF FIGURI 


On Cyperus ligularts, showing infection in 


the spikelets and at the base of the ray (Venezuela, C. E. Chardon 2489) 
the spikelets and at the base of 


the rays (type of Cintractia axricola var. minor) (. On Cyperus p 
stachyus (type of Cintractia cyperi-polystachyt) D. On Cyperus macr 
Vanderyst 32, sub Cintractia togoensts) 


Fic. 1 Cimtractia limitata \ 


B. On Cyperus grayu, showing infection in 


carpus var. pseudoflavus (Congo, H 


All x1 











A NOTE ON THE CULTURE OF DIPODASCUS 
UNINUCLEATUS IN DEFINED MEDIA * 
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constituting the sparse gr 
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,o visible growth 


occurred free mediun he referred 
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10.0 g., KALHPO, 2.0 g., MgSO, 


KeSQ).-7H.O 0.005 


factors tout d 


| 
nutritional deficiencies 
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ume of approximately 45 ml. with sterile distilled water Chis 


washed suspension was stored at 4 C for several weeks and used 


at intervals. Two drops of this washed suspension were used to 


inoculate each flask. Each treatment was run in triplicate. All 
experiments were incubated at 28° C on rotary shakers moving at 
220 r.p.m. so that they described a horizontal circle one and one 
half inches in diameter 

It seemed probable that the required factors in the yeast extract 
were vitamins or nucleic acid constituents or both. This possi 


Inlity was investigated by supplementing the basal medium with a 


vitamin mixture and nucleic acids singly and in combination. The 


results obtained after three davs incubation are shown tn table | 


ABLE I 


\ VivTaMIn MIXTURE AND NucLeic Acips As SUPPLEMENTS 10 THE BASAl 
MeEpIUM 


Basal Medium No growth 
B.M. plus vitamin mixture 5.86 
B.M. plus nucleic acids? 0.66 
B.M. plus vitamin mixture ' and ruclese acids? 5.56 


! One mil. of vitamin mixture was added to 24 ml. of the basal medium he 
final concentration of the different vitamins in each flask was as follows: ribo 
flavin 1.0 yg./ml., i-inositol 0.1 mg./ml., biotin 0.04 ye./ml., vitamin B, 
0.1 wg./ml., glutamine 5.0 yg. /ml., pantothenic acid 1.0 wg./ml., vitamin B 
0.001 yg./ml., nicotinic acid 10.0 yg./ml., pyridoxine 10 yg./ml., choline 5.0 
ug./ml., para aminobenzoic acid 10 ywg./ml., and folic acid 0.1 yg./ml 

12.5 mg. of veast nucleic acid and 12.5 mg. of thymus nucleic acid were 


added directly to each flask 


No growth was obtained in the basal medium whereas good growth 
occurred in the medium supplemented with the vitamin mixture 
The growth in the nucleic acid supplemented medium was probably 
due to vitamin contaminants in the nucleic acids Phe addition of 


both nucleic acids and the vitamin mixture did not increase the 


amount of cell weight over that obtained in the medium supple 


mented with vitamins alone 


In order to determine what Spec ific vitamins were required, the 
same vitamins that had been used in the mixture were divided into 


groups and used to supplement the basal medium. Growth « 


curred only in th treatments to which both vitamin B 


hiotin were lded ie effects ot supplementi y the basa 
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with biotin, vitamin B, and 1-inositol singly and in combination are 
s 


shown in table II. None of the vitamins alone stimulated growth 


PrABLE Il 


Viramins Usep SINGLY AND IN COMBINATION TO SUPPLEMENT THE BASal 
Merpium 


Dr 

mg 
Biotin No grow 
Vitamin B No growt 
l-inositol No grow 
siotin and vitamin B 4.9 
Vitamin B, and j-inositol 0.57 
Biotin and 1-inositol No growt 
Vitamin B,, biotin, and 1-inosito 5.1 
Vitamin mixture §.2 


One mil. of each vitamin solution was added to enough medium in each 
flask so that the final volume in each flask was 25 ml his resulted in some 
slight variation in the concentration of medium constituents in those flasks to 
which more than one ml. of vitamin solution was added The tinal concentra 
tion of each vitamin, however, was the same as the concentration of the same 
vitamin in the flasks containing the vitamin mixture 


There was some slight growth in the medium containing vitamin 
B, and i-inositol, and no growth in the medium containing biotin 
and i-inositol. Biotin and vitamin B,, with or without 1-inositol, 
replaced the vitamin mixture. No measurements have been made 
of the amount of growth that occurs in the glucose-yeast extract 
medium 


Dipodascus uninucleatus requires no exogenous supply of 


ganic nitrogen. Three compounds were substituted for the hydro 


lyzed casein m an experiment, the results of which are shown in 


rABLE Ill 


SUBSTITUTION OF NITROGEN COMPOUNDS FOR THE CASEIN HYDROLYSATI 


Te 


NH*).HPO# 4.67 

NaNO! No growth 

Urea No growth 

Casein hydrolysate $4.43 3.1 


The case'n hvdrolvsate was used at a concentration of 10 mg. ml 1 he 


' 
t 1] ’ 


other nitrogen compounds were used at a level of { \ll treatments 
ymntained 0.1 we. mi. of vitamin B, and 0.04 ye 


table [11 nd nitrate nitrogen did n as sole nitroget 


sources mmonium nitrogen, however, was readily available 
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These results indicate that Dipodascus uninucleatus requires an 
exogenous source of biotin and vitamin B 


The possibility exists, 
however, that these deficiencies are peculiar to our strain and that, 


is a rule, the genus Lipodascus 
investigation of other 


' 
I 


Ss not heterotrophic 


solates is needed to establish this 
The drop in pH of the culture media 


Further 


Ta 
i 


n these experiments indi 
cates the accumulation of one or more organic acid 


Ls 





A NEW ACHLYA FROM FLORIDA ' 


r collection from a swamp ounty, Florida, 


mith of Pallahassee, ke lorid a \ lded an undescribed 


su seminibus ¢ 
cultura circa 1.5-2.5 n diametrum angia copiosa 
nilibus, longa, cylindrica, 162-448 u long: 10-15 lata. | 


generis (semmae COPIOS; pracsertim wu culturis 


Oogonia globosa aut aliquando clavata, 44.4-92.5 
ctiomibus obtusis, 1.2-3 longis; tunica tenuis it 
tudo caulis oogonii 5-184 4. Ova eccentric 


aliquando ovoidea, plurimum ferme 24.1 « in di 


da 


a 
wogonium. Dimidia aqua 
maturitatem 


\r +} 


us teri 


eridia rara, semper diclina, reperta praecipuc 


ut cum a sine folus Ouercus 


il growth dense, hyphae reaching i length f one half to 
hemp seed in « harcoal filtered distilled water, diameter ot 


2.5 cm. Sporangia plentifully formed in 


long, evlindrical., ranging trom 162 by 10 ps to 448 
discharge typical for the genus. The cluster of 
to the bottom of the dish soon after tormation 
ally breaks apart into individual spores. Gemmae plen 
lv in older cultures, consisting of a row of swollen or 
segments, single enlarged spherical or reni 
aller spherical cells in a short chain C,emmae 


i gern tril producing spores in the manner of the 
1 1 1 


ha spherical or occasionally clavate with blunt pro 
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jections and varying in size without the projections from 44.4 » 
to 92.5 » in diameter The end wall of the projections is usually 
thinned. Projections vary from 1.2» to 3.7 » in length. Lengt] 


ol oogonial stalk from 21 5 a to 184.0 p kiggs eccentric, ] 4), 


eo 
mostly 3, a 
24.1» not { 


sometimes ovoid through pressure. When grown in distilled 


inging from 18.5 to 33.3 in diameter, mostly about 
1 


ling the oogonium completely, usually spherical but 


water more than one-half of the epys formed disintegrate before 


maturity even though an antheridium may be applied to the 


} 11 
oogonia Wall 
| 


However, if grown in distilled water to which oak 
eaves have been added 94-99% of the eggs reach maturity 
Antheridia scantily formed and occurring mainly in young cultures 
in water with or without the addition of oak leaves \ntheridia 


always diclinous and those that appear to function become empty 


hetore the eggs are mature Antheridial tube seen only twice 
Mature eggs germinate after 2 months by short germ tubes with 


mS 


apical sporangia 


In water on hemp seed bait. Collect y the author in a swamp 
in Wakulla County, Florida, 15 miles south of Tallahassee, Florida, 
July 9, 1949 


first seeing this fungus, the author classified it as 4. crenulata 


Hlowever, later observations show that it differs in sev 
The oogonia of A. tuberculata show a tremendous size 
variation which 1s not characteristic of 1. | tulata The length 


the oogonial stalk 1s highly variable in J culata whereas 


~ 


1. crenulata is about equal wid f the oogonium 
1 


so a slight difference in the usual ize between the 


ie 
gemmae of uberculata wholly unlike 


naracteris t]| Porm) ts ts disintegrat 


when it 1s grown in charcoal filtered distill 


Che ave rage our separate counts ot 


four cultures of varying ages showed that 


nia contained distintegrated eggs entirely 
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egg disintegration is considerably lessened In this procedure, 
94-99 of the oogonia formed mature eggs. Antheridial growth 


is only very slightly stimulated by this treatment. The character 


istic discussed above is not a feature of the growth of 4. crenulata 
Experiments involving solutions of known pH and content, and 
the effect of returning the form to its natural habitat are now being 


performed by Miss Betty Linthicum and the author 

A. tuberculata may be distinguished from A. subterranea Coket 
and Braxton by the size of its oogonia and the usually androgynous 
antheridium of A. subterranea (2) It differs from A. recurva 
Cornu in the bluntness of its spies and in its diclinous antheridia 
(3) and from A. radiosa Maurizio especially in the number of 
eggs produced (1 The new form can easily be separated from 
A. abortiva Coker and Braxton by its spherical oogonia, pitted 


oogonial walls, and smaller eggs (2) The eccentric eggs and 
band nas aN 
/ 


diclinous antheridia of A. tuberculata distinguish it from colo 
rata Pringsheim (1). 

It may be of interest to note that this fungus was collected in a 
water sample from a cypress swamp whose waters were exposed to 


1) 


direct sunlight all day The author failed to take the te mperature 


ot the water but it felt like a verv warm bath to the hand A. tuber 


culata 1s grown im the laboratory on maltose peptone agar but ts 


very slow in its growth rate 
Gemma formation apparently follows no set pattern in this 
l 


species. The gemmae are often irregularly shaped and bizarre in 
form \ vegetative hypha often forms a row of swollen or non 


swollen cells with the apical one either rounded or poimted he 


cytoplasm of the oogonial stalk occasionally produces an elongated 
or spherical gemma (FIG. 14 Large spherical or kidney shaped 
seen as well as short chains of cells strung to 


ariations of the above patterns also 


gemmae are otten 


gether like beads. Numerous \ 


occur. However formed, they germinate by short germ tubes and 


spores 
A. tuberculata germinated readily when the mature eyys were 


about two months old. The eggs were placed in distilled water 


filtered through charcoal and completed their germination in about 
32 hours. The details of the germimation process closely follow 
those cle scribed lor ] gel K [his Species formed a 
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short germ tube with an apical sporangium and therefore falls into 


type A of the patterns of germinations found tin the 


Saprolegnia 
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A NEW RUST ON DESCHAMPSIA'’ 


Aecidium Graebnerianum P. Henn. was described from a speci 
men on Habenaria dilatata from Death Valley, Calif. The species 
has since been recorded on H. borealis, H. bracteata, H. gracilis 
H. hyperborea, H. leucostachys and Orchis aristata, in California, 
Oregon, Washington, Montana, British Columbia and especially, 
Alaska (Arthur, 1), but it has apparently never been reported east 
of the Rocky Mts. In 1949, aecia apparently indistinguishable 
from it were found at two stations in Quebec. Mr. A. Payette 
collected a rust on Habenarta psychodes at Riviere Quelle, on the 
south shore of the Gulf of St. Lawrence, about 70 miles below 
Quebec City. The aecia in this specrmen (DAOM 23448), col 
lected on 20 July, were largely spent, but sufficient spores were 
available to show that it agreed well with Barth. N. A. Ured 
1401, on H. gracilis from Glacier, B. C 

On the same date that Mr. Payette made his collection, the 
writer found a similar Aecidium at Great Whale River, on the 
east coast of Hudson Bay, on HH. dilatata (DAOM 23447). Ow 
ing to the late spring at this station, some aecia were shedding 
spores at this time and others had not yet opened. Fortunately, 
this colony was readily accessible and a careful search showed that 
no other -lecidium occurred within fifty vards. Several infected 
plants were accordingly left for future observation in the hope that 
the rust would complete its life history. //. dilatata grows in very 
wet ground, often along streams or in shallow springs, although 
some of the hosts of Aecidium Grachnerianum occur in somewhat 


drier situations. The rusted colony was on a narrow strip of low, 


springy ground between a lake and a low cliff. Carex spp. formed 


about half the herbaceous cover and seemed to be the most likely, 
alternate hosts 
Contribution No. 1014 from the Division of Botany and Plant Pathology 


Science Service, Department of Agriculture, Ottawa, Canada 


Associate Pl; Pathologist 
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With the progress of the season, it became evident from obser 
vations on other species that the cool, short growing season pet 
mitted the survival of heteroecious Puccimiaceae (other than spe 


ies, such as Puccinia Poae-sudeticae, that overwinter in the ured 


nial state) only if the alternate hosts are virtually contiguous \s 
time passed with no sign of infection on the sedges, it was feared 
that the telial host might have been adjacent only to plants that 
had been collected for the aecial specimen Eventually, in mid 
\ugust, a minute scrutiny of all the surrounding vegetation re 
vealed a number of very small pustules, identifiable as such only 
under the hand lens, on a few plants of Deschampsia atropurpurea 
Most of the pustules were on vegetative offsets, but a trace ot 
infection occurred on one fruiting plant and allowed confirmation 
of the identity of the grass host. Only a few plants of D. atropur 
purea were present and none were found elsewhere; nor was the 
lecidium seen in any of many other colonies of /abenaria dilatata 
erborea, or H. obtusata that were examined. The grass rust 
heavy only on leaves within a few inches of //. bracteata and 
none occurred on plants three to five feet distant. The rust was 
left until 22 August, to allow further development of some of the 
immature sori, but was then collected for fear that all uredinia 


might be displaced hy telia 


\When microscopic examination was finally possible, the rust 


] 


proved to be a species of Puccinia with teliospores possessing apical 


processes similar to those of P. coronata. In tact, the teliospores 


] 1 


differed | 


from those of P. coronata only in being distinctly shorter 
he shortest forms of that variable species. The uredinio 
also had appreciably thinner walls than is usual in P. coro 
The germ pores were obscure, partly, no doubt, because the 
were thin and only slightly pigmented. It is thus not known 
whether the number and disposition of the pores 1s different from 
that in P. coronata in which the pores are commonly about 6 to &, 
scattered and often indistinct 

be emphasized that there is no possibility of this rust 
in any accepted definition of that species 

mmus occurs within many mules of the 


tion hepherdia canadensis does occur, but it is restricted to the 


immediate coast and the nearest plants were some two miles dis 
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tant. Furthermore, the correlation of the rust with proximity to 
the decidium was so striking as to preclude any doubt of the con 
nection between the two stages 

\n examination of the late W. P. Fraser's collections on Des 
champsia caespitosa from Alberta and Saskatchewan, assigned by 
him to Puccinia coronata, showed that they are definitely that spe 


cies; they have thicker urediniospore walls and much longer telio 


spores than the rust on /). atropurpurea. Barth. N. A. Ured. 431, 


on the same host from Wyoming, consists only of uredimia, but the 

spores are thick-walled and similar to those in Fraser’s collections 

These specimens apparently belong to some variety of P. coronata 
| PI : 4 


other than those recognized by Fraser and Ledingham (2) 


A study of Puccinia coronata on one or more species each of 
Agropyron, Agrostis, Avena, Beckmannia, Bromus, Calamogrostis 
Festuca, Holcus, Lolium, Phleum, Poa and Scolochloa gave a range 
of urediniospore wall thicknesses of 1.0-2.0 p, except on Agropyron 
spp. in which it was 0.7-14y. The total range of teliospore 
lengths in these specimens was 33-78 » with the exception of a 
collection on Agropyron tenerum in which the range was 30-70 up. 
The measurements given below for the rust on Deschampsia atro 
purpurea show small but definite differences in these two char 
acters, which, with the occurrence of the aecia on a monocotyle 
donous host, make it advisable to treat it as a distinct species. It 
is a pleasure to name this rust for Mr. I. L. Conners, of this 
Division, whose extensive knowledge of the graminicolous rusts 


has long been of great value to Canadian mycologists and plant 


S 


pathologists 


Puccinia Connersii sp. no 


Pycnia ignota Aecia hypophylla, rarius epiphylla \eciosporae 16.0-23.0 


‘ 


12.5-19.0 4; episporio hyalino, 0.5-1.2 4 crass., minute verrucoso. Celluli 


peridii 18-45 15-26, pariete exter minute striato vel verrucoso, wu 


terno verrucis c. 3.0-3.54 alt 0.3-1.24 lat. obtecto. Uredinia et telia 
minuta, amphigena. Urediniosporae 17.5-21.5 * 15.5-20.5 4; episporio pallid 
flavo, 0.5-1.2.4 crass., leniter hinulato, poris indetectis. Telia epidermide 
tecta, compacta Peliosporae 3) 25-36( 39) 13-20 «, summae digitate ap 
pendiculatae ; appendiculis 1.0-6.0 # long., (0)3-4(8) in teliospora; episporio 
baso ochraceo 0.5-1.04 crass., summo castaneo 1.5-3.04 crass. appendiculis 


exclusis 
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\ecia in folus Habenariae dilatatac Uredimia et telia in folts 
Deschampsiae atropurpureae, prope Flumen Magnum Balaenarum, 
( anada 

Type. On Deschampsia atropurpurea (DAOM 23446), Great 
Whale River, Quebec, Canada, 22 Aug. 1949, in the Mycological 
Herbarium, Division of Botany and Plant Pathology, Ottawa, 
Canada; a portion of the collection in the Arthur Herbarium, 
Purdue University 

The type of Aecidium Graebnerianum has not been seen, but 
from material and descriptions available it is probably identical 
with ?. Connerst 

There is no positive way of forecasting what other grasses will 
prove to be telal hosts for this species If, as seems probable, all 
the collections ascribed to decidium Graebnerianum are the aecial 
stage of 2’. Connersu, there may be several grass hosts; but a con 
sideration of the North American species of Deschampsia shows that 
they cover the range and habitats of the rusted orchids fairly com 
pletely, and there may be no other genus of grasses involved 


DD. danthonioides and 1). elongata occur, according to Hitchcock 


(3), in open ground throughout the western range of de. Grael 


nerianum. Ll). atropurpurea occupies open or wooded, wet ground 


in the same region, across northern Canada, and southward on 
mountains in the east to New Hampshire; it does not occur at sea 
level in southeastern Quebec, but 1). caespitosa var. intercotidialts 
is common along the shores of the Gulf of St. Lawrence in the 
vicimty of Riviere Quelle and will probably prove to be the grass 
host for the rust in that region. JL. caespitosa in its various forms 
covers most of the northern half of the continent and may be a host 
in some other localities; but, as already shown, the rust known on 
this species in Alberta, Saskatchewan, and Wyoming is Puccinia 
coronata \lthough P. Connersti is probably not common in any 
part of its range, its apparent scarcity must be partly attributed to 
its inconspicuous aecia and telia 

\n interesting feature of ??. Connersu, and one that further 
supports its identity with .e. Graebnerianum, is its apparent lack 
of pyenia. The immaturity of some of the groups of aecia in 
DAOM 23447 made this collection suitable for the study of pyenia, 


but no trace of any could he discerned 





Savite: New Rust on DESCHAMPSIA 


ACKNOWLEDGMENTS 


The writer wishes to acknowledge the advice of Dr. Geo. B 
f this species. His 


Cummins on the disposition and affinities o 


thanks are also due to Dr. R. C. Russell, who made available for 


study Prof. W. P. Fraser's collections of Puccinia coronata on 


University of 


Deschampsia caespitosa trom the herbarium of the 


Saskatchewan 
Division or Botany AND PLANT PATHOLOGY, 


SCIENCE SERVICE, OTTAWA, (CANADA 


LITERATURE CITED 


Manual of the rusts in United States and Canada. Purdue 


1934 438 pp 
Studies of the crown 


1. Arthur, J. C. 
Research Foundation, Latayette, Ind 
Fraser, W. P., and G. A. Ledingham. 

Sci. Agr. 313-323. 1933 
Grasses of the United States 


rust 


Puccinia coronata Corda 


3. Hitchcock, A. S. Manual of the 
Misc. Pub. 200. Washington. 1935. 1040 pp 


U.S.D.A 





HISTOPLASMA AND BRAZILIAN 
BLASTOMYCES * 


Histoplasma capsulatum Darling is the causal organism ot human 


' 
| 


histoplasmosis Blastomyces brasiliensis plendore) Conant and 


j 


Howell, of South American blastomycosis. //istoplasma 1s the 


more widely distributed, while B. brasiliensis is localized-——chietls 


in Brazil (Fic. 1) There is no suggestion in the literature that 


they are closely related an, in fact, be distinguished one 


from the other in two ways 


First, in culture, the spores of //. capsulatum are more plentiful 


are distinctively shaped, while those of &. brasiltensis are rarer 


the distinctive irregular outline of Histoplasma 


within the host cell, //istof 1a eXIstS as a SI 


long, sometimes with a BB. brasiltensts 1s 


spherical cell 15-20 » im diat . rrounded by a numbet 


cultures of both tung1, res may be lacking 


his laboratory there were six cultures ot a 


capsulatum on Sabouraud’s medium. Two ot 


1 


month old, two, three months, and the remaining 


all growing vigorously Only one of the six 


spores Che other five possessed little to distin 


brasiliensis In some cultures, the writer has 
capsulatum in great abundance, 


} 


discovered considered 
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i 


DOWwDING 


the uppermost and lowermost slices of serial sections show groups 


His pho 


of minute daughter cells separated from the parent cell 


tograph of these bodies within animal tissue strongly recalls Histo 


Only by searching in other sections would one find the 


plasma 
larger cell to which they are attached. Then again, it has recently 
been shown that the spores of Histoplasma may reproduce by mul 


LEGEnwp 


“ape vielen 


mm 


wD brasilnnas 


OSes caused hy H d psu 


Manual of ( 


tiple budding (8 In short, the writer suggests that the two fungi 
t S Ss — 
are similar enough for medical mycologists, under certain condi 


them, and that a ot their 


ions, to contuse comparative study 
saprophytic phases would be in order 

Observations on Histoplasma have recently been published (8) 
with a discussion and interpretation 


the results together 





followed 


1 1 
<tenads il 


f suliatun 


Public Health 


it Duke [ TiN 


ative studs 


cultured 





DowpinG: HisToPLASMA AND BRAZILIAN BLASTOMYC! 671 
lial projections, and taking on an amber color \ mucilaginous 
1 


secretion exudes trom the pits ot these spores and envelops eacl 


rat 


ot them 


The tuberculations of the macroconidia are characteristic and 


give the spores an appearance rather like Chenopodium pollen 


Their shape, which may be obscured by the surrounding secretion, 


is pyriform, and their length about 2.5 4. Howell (9) has pointed 


ab 


y 


out that macroconidia of Histoplasma and the spores ol Sepedo 


nium chrysospermum both have finger-like projections, In_ the 


a 


young spore ot both they are hollow and contain protoplasm 


Hlowever, the writer is convinced that they differ in that the 
Sepedonium spore-projections upon maturity become hid with 
tance wh those of //tstoplasma remain hollow 


| 


Morphological and cultural studies have shown that the conidial 


tuberculations Because they are not 
readily detached, are, lik » microconidia of dermatophytes, 
aleurospores 11 (15 They mav gi 


numerous micr iidia w h become suspended in 


exuded by 





\IYCOLOGIA, Vor 


We may classity the spores of Hts 


» conidium is one that grows upon j 
ndary conidium 1s one that gro 
| ) 
The diagrams m hgure < 


conidia and second 
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berculations (F1G. 2d), according to this scheme, are 


secondary 


conidia 


Histoplasma grows as a yeast within the host, and also, undet 
} 


certain conditions (13), im vitro. Conant (4) describes the yeast 


colonies as small, white, moist, and pasty, resembling bacterial col 


omies The yeast cell he describes as oval, 1.5—2 X 3p, reproduc 
ing by a single bud at the pointed end, at maturity enlarging and 
becoming spherical. Although the ‘ells usually bud singly, 


in this laboratory cells with as many five buds have been 


photographed (8 
\ previous paper (8) described the transformation of hyphae 


and conidia into yeast cells. In this transition, multiple budding 


is characteristic of the macroconidium The secondary conidia 


which surround it enlarge, become spherical, detach themselves 


from the parent cell and act as yeast cells (FIG. 6) 


BLASTOMYCES BRASILIENSIS 


lastomyces brasiliensis is not vigorous 


» 


\t room temperatures, 5 


it grows slowly with a sparse, white, aerial mycelium, The cente. 


} 


of young cultures may grow into the air as tufts or bristles 


On Sabouraud’s medium cultures could often be identified by (1 


their fine radial ridges and (2) the peculiar peripheral zone. This 
zone, 1 | of being white and fluffy like the rest, is often trans 


parent an l convoluted \l croscopical examination shows that the 


mvcelium here 1s dead and disorganized, Almeida in describing 


(1), mentions a “hard envelopimg mass, a product of the 


asma with its tuberculate spores, PB. brasiliensi 
media used, lacks conspicuous distinguishing mort 
phology he details of the mycelium 


hyphae are narrow (less than 1 » in 


tightly interwoven. Frequently 


4} 


oat 


? 


contents may 
t© distinguts] tron Spores 


remain Nous patches on the surtace o 


described tn .\ ispora (10 The most cor spicuou 
‘ cine aaeuill om a ae oe as 
certain branches that are wider and wit denser contents 


rest, sometimes spiral, otten hooked, and tendir y to tise 


SAN rege eae om 
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In general the mycelium suggests abnormal growth due to an un 
suitable medium \ medium which furnished a more normal 
appearing growth, although without spores, was synthetic asparagin 


broth with cotton-wool as a source of unsaturated fatty acid (11) 


Che mycelium in this medium was submerged, coarse (with hyphac 


oaprop ule 
phases 
phe 


contents), and lac king 


feature that serves to 
] 


tends 


‘dimensional network 
lerminal swellings may produce radially several nar 


ae which at their tips produce similar swellings (F1G. 3a, 


Che resulting mycelium resembles that of the parasite 
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Syncephalis nodosa van Tieghem which envelops species of Pilo 
holus with a similar network and which is illustrated by Buller 
(2). 

The conidia of B. brasiliensis have been described by Conant 
and Howell (5) as lateral, sessile, round to pyriform, 3-25 » in 
diameter 

The writer will term the smaller spores, 14+, in diameter, 
microconidia. Thev are terminal or intercalary When terminal, 
a hypha may grow out from the spore near its point of attachment 
so that the spore is thrust aside and appears lateral (Fic. 3a 
center). Microconidia are scarce on agar, more numerous on rice 
in rice they may be formed in clusters on spiral hyphae, so densely 
that their arrangement is difficult to make out (FIG. 5/). They 
are spherical and smooth, very seldom pyriform. 

Cultures also produce larger terminal or intercalary cells, up to 
25 w in diameter (FIGs. 34; 5c). Similar cells are formed in ani 
mal tissue. They have been described in the literature as mu/tipl 
hudding structures, yeast-forms, arthrospores, or chlamydospores 
The writer wilkterm them macrocontdia. They occur sometimes 
at room temperature, more readily at 37° C, and are distinguished 
by their ability to produce multiple buds, although by no means all 
macroconidia do so 

Compared to the macroconidia of /7. capsulatum, those of B 


brasiliensis are about twice the size, more variable in size and 


shape, and smoother contoured As Almeida has observed (1), 


this smooth contour may be broken by small indentations 


At 37° C, B. brasiliensis grows as a multiple-budding veast 


Some strains, ¢.g. the English strain 360, are readily converted to 


; 


the free-veast form (FIG. 6e and f) In other strains, e.g. Al 
meida’s B. cerebreformis now placed with B. brasiliensis, the bud 
ding cells are not readily detached, but tend to stay together. They 
grow as a pseudomycelium (FIG. 6a) or a tumor-like mass (FIG. 3), 
upper right, and d). Such strains, growing at 37° C as micro 
cultures, were observed successively under the microscope At 
first a hypha possessed intercalary macroconidia at intervals along 
its length (Fic. 3, center). Then the intervening parts swelled 


mito spores, rorming a ic like chain (FIG. Oa 1 he members 


} 7 


of the chain then grew by budding (Fic. 5c) 








rpsulatum macrocol ula and C. 


rasiltensis They are all producing secondary 
capsulatum the 
onidium 
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The multiple buds may be extremely small, even bacilliform 


Sometimes they are difficult to see; for instance only 


<amination of the third cell in figure 6a will reveal their 


DISCUSSION 


It is well known that Coccidioides immitis reproduces within the 


host by the formation of internal spores, which are set free by the 


rupture of the spore wall The ability to produce external buds 


separates the majority of systemic fungi from C. tmmitis, This 
difference between the species 1s shown (FIG. 4 


Of the fungi that reproduce by external budding, only Blasto 
myces brasiliensis is differentially diagnosed by its multiple buds 


in the animal tissue (Fic. 4). However, in the yeast phase ot 


several other species multiple budding has been observed Salvin 


found it occurring under certain cultural conditions in Sporo 


trichum Schenckii (12). De Monbreun (7) has photographed it 


in cultures from monkeys artificially inoculated with Blastomyces 


dermatitidt The writer also has observed it in this species In 


Haplosporangium parvum, figure 2r of a recent paper (8) sug 
gests multiple budding 


The tuberculations in the macroconidia of //istoplasma capsu 


atum are interpreted as being external spores. These spores under 


ippropriate conditions act as veast cells. Multiple budding has, 


there tore, been demonstrated lor an additional species 


Almeida, F. de. 
\f, ramentos ce 
Buller, A. H. R. 


Conant, N. 


F. 
33 
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cies of Rhizopus, Aspergillus, and Pemeiliuum. The activities ot 
veasts, actinomycetes, and basidiomycetes are not considered. 
Until we come to the chapter on penicillin, the contributions of 


\merican scientists to chemical activities of fungi are minor when 


compared with those of the Europeans and Japanese. Penicillin 


is the only antibiotic substance mentioned, as is proper, since it Is 
the only one of importance formed by fungi. The commercial 
method for isolating penicillin as outlined in this book is of his 
torical interest only, since the efhcient plants use a much simpler 
process 

On nearly every page there is presented an unsolved problem, 
sometimes only by implication, so that this book can be used as 
a source for enough problems to occupy the interest of a genera 
tion of graduate students. Amazingly little is known about the 
details of many of the transformations discussed. 

The index, as far as it goes, is excellent and is the kind all 
worthwhile books should have. Thirteen species of fungi are listed 
in the subject index. I hope that an organism index as good as 
the subject index is inserted when the book is reprinted. An or 
ganism index would make the work much more useful than jt is 
to the beginning student for whom it was written. Names of fungi 
mis-spelled in the text should be corrected at least in the index. 

Certain aspects of the book must be criticized. The title is more 
inclusive than the book. Skillful editing would have removed the 
verbiage and reduced the size of the book or released the space for 
other material. On many pages indentations apparently were in 
serted to break up the monotony of a solid page of type; they do 
not indicate the unity of thought that should constitute a para 
graph. The shertcomings of the book are of minor importance. 
Nearly everyone who works with fungi will find something useful 
in it and will need to keep a copy handy Fk. W. KAVANAGH, 


New York Boranicat GARDEN. 
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Lindquist, Curator of the Instituto de Botanica 


Spegazzini, La Plata, Argentina, writes that a fire has destroved 
a portion of the Institute's library, although the collections them 
selves fortunately were not injured Among other items destroved 


were vol. 1, n 5S and 6, 1909: vols 25 and 26, 1933-34 
] 2 


$f and 6, 1936; vol. 38, 1, 1946 and vol. 39, nos. 2 an 
| | : watlahie at _ f ™ . f | | 
unds are not avaiable at present tor purchases Oo! OOKS 


Mlicals and Dr. | juist hopes that anyone having duplhi 


| 71 
unneeded copies ol the above volumes will be good enough 


them to the Institute 


Mi ROC ARDS 


cologicum and Elenchu 


Microcard Foundation, 


production is sharp and the text 


dissecting binocular or a hand lens; 


volumes are sold 
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